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(54) Double-acting differential piston 
supply pump 

(57) A double-acting supply punnp, e.g. 
for a diesel engine, comprises a pump 
body (12) having a stepped pumping 
chamber therein, pistons (86, 100) 
mounted for reciprocation in the pump- 
ing chamber and having a pair of 
working areas of different sizes respec- 
tively mating the stepped portions of 
the pumping chambers and a drive 
(120, 122, 124, 128) ope rati vely con- 
nected with the pistons for actuating 
the same in one direction correspond- 
ing to a first pumping stroke thereof. A 
spring (106) is operatively connected 



with the pistons for actuating these in 
the opposite direction corresponding to 
a second pumping stroke thereof. The 
pistons and the stepped pumping 
chamber define a first variable volume 
chamber (130) which is continuously 
connected to an inlet (30). Second (132) 
and third (134) variable volume pump- 
ing chambers interconnected by a pas- 
sage (66, 52, 54) are formed at the ends 
of the pistons, and an outlet (48) is 
connected to this passage. During each 
forward and reverse stroke of the pis- 
tons in response to rotation of the drive, 
supply fluid Is drawn into the pump 
through the inlet and forced out of the 
pump through the outlet. 
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New claims: 



1 A suoolv oump comprising a pump body having means providing a stepped P"«nPj;^ 
.l,,mber ttiSSi oKiS^moSrt^ fo? ledprocation in said pumping chamber and havmg 

diamber to said one of said pair of variable volume pumping chambers. 

2. A supply pump as claimed in claim 1 wherein the larger of said pair of working areas is 
about twice the size of the other. 

3 A supply pump as claimed in claim 1 or 2. wherein one of said P^^t°«i"^.^^jfS^^^ 

SSoSS the one of said pistons to the variable volume chamber at the end thereof. 



means. 



5 A supply pump as claimed in any one of the preceding claims. ^•'««'",f"*i^";^f "he 
hicfjdes a «dp™«^tlng'drive pin of smaU diameter operatively connected w,th the end of the 
piston means having the larger working area. 

6. A supply pump as claimed in «daim 5 including a pressure relief valve disposed between 
said interconnecting passage and said inlet. 

7. A supply pump as claimed in any one of the preceding claims, wherein a one-way valve is 
provided in the inlet of the pump. 

8. A supply pump substantially as herein described with reference to and as shown in the 
accompanying drawing. 
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SPECIFICATION 

Double-acting differential piston supply pump 

5 This Invention relates to the pump art, and more 
particularly to a new and improved supply pump 
characterized by increased speed of operation and 
more uniform supply fluid delivery. 
In recent times a need has developed for supply 
10 pumps to deliver large quantities of fuel for use by 
large diesel engines. The speed and quantity re- 
quirements of fuel delivery to such engines exceed 
the capabilities of conventional single-acting pumps. 
The maximum output of single-acting pumps Is 
15 limited by the maximum fluid which can be drawn 
into such pumps which. In turn. Is limited by the 
possibility of cavitation occuring at the pump inlet. 
Some other important considerations in providing a 
pump to meet such speed and quantity require- 
20 menis are regulating the pump operation as a 
function of output fluid pressure and minimizing 
loading on the pump drive. 

ft Is, therefore, a primary object of this invention to 
provide a new and improved fluid supply pump. 
25 it is a further object of this invention to provide 
such a supply pump which operates at relatively 
high speed and provides a relatively uniform fluid 
output or delivery. 
It is a further object of this invention to provide 
30 such a supply pump of increased capacity which is 
not subject to inlet cavitation. 

It Is a further object of this Invention to provide 
such a supply pump which is self-regulating with 
respect to output fluid pressure. 
35 It is a further object of this invention to provide 
such a supply pump which operates in a manner 
reducing loading on the pump drive. 

It is a further object of this invention to provide 
such a supply pump which is relatively simple in 
40 construction and efficient and effective in operation 
Other objects will be in part obvious and in part 
pointed out more in detail hereinafter. 

A better understanding of the invention will be 
obtained from the following detailed description and 
45 the accompanying drawing of an illustrative applica- 
tion of the invention. 

Referring now to the drawing, a pump 10 illustra- 
tive of the present invention is shown as including a 
body 12 having a base flange 14 adapted to be 
50 secured to a supporting surface by fastening ele- 
ments such as bolts (not shown) which extend 
through body 12 adjacent flange 14. Body 12 has an 
open interior region or space defined by a first 
longitudinal bore 23 extending inward from cover 26 
55 which meets a smaller diameter bore 24 at a 

shoulder 25, the bore 24 extending longitudinally for 
the remainder of body 12 and terminating at base 
flange 14. The interior space is closed by a cover 26 
fixed to the pump body 1 2 by suitable fasteners such 
60 3S screws (not shown). The Inner surface of cover 26 
is provided with an annular groove which carries a 
sealing gasket In the form of an 0-ring 28 to provide 
a fluid-tight seal between cover 26 and pump body 
12. 

65 Pump body 12 is shown as being provided with a 



lateral bore 30 extending inwardly through the pump 
body 12 to define an inlet passage In fluid communi- 
cation with an enlarged diameter portion of the bore 
23 which defines an annular Internal passage 32 In 
70 body 12. A one-way check valve 34 is located in inlet 
passage and an 0-ring 36 provides a fluid-tight seal 
between the periphery of valve 34 and the pump 
body. Valve 34 Is held In passage 30 by a bushing 38 
threaded into the inlet passage which also facilitates 
75 connection of a supply conduit (not shown) to the 
Inlet passage 30. Valve 34 is not essential to the 
operation of pump 1 0 but eliminates the possibility 
of draining the pump when It is not operating. An 
0-ring 40 provides a fluid-tight seal between the 
80 bushing 38 and pump body 1 2. The pump body 1 2 is 
provided with another lateral bore extending in- 
wardly through the pump body 12 to define an outlet 
passage 44. Outlet passage 44 is threaded to receive 
a threaded connector 46 on the end of a discharge 
85 conduit 48. An 0-ring 50 provides a fluid-tight seat 
between the connector 46 and pump body 1 2. 
Passage 44 communicates with a longitudinal bore 
52 in the pump body which intersects a laterally 
extending bore or passage 54 to provide fluid 
90 communication therewith. A one-way check valve 56 
similar to check valve 34 is located in passage 54 and 
is sealed thereto by an 0-ring 58. A spring 60 seated 
against a plug 62 serves to hold valve 56 In place In a 
manner allowing for manufacturing variations. 
95 A sleeve 70 In bore 23 defines the annular passage 
32, which is in fluid commnlcatlon with the interior 
of sleeve 70 through a plurality of circumferentially 
spaced apertures 72 in sleeve 70. The end face of 
sleeve 70 facing toward cover 26 abuts an annular 
100 shoulder formed in a collar 74 having a maximum 
outer diameter substantially equal to the diameter of 
bore 23. An intermediate portion of collar 74 has an 
outer diameter substantially equal to the inner 
diameter of sleeve 70. The remainder of collar 74 has 
105 an outer diameter less than the inner diameter of 
sleeve 70 thereby defining an annular region or 
chamber between collar 74 and sleeve 70 adjacent 
apertures 72. A spring 76, one end of which is 
received in an annular depression 78 of cover 35 
110 biases sleeve 70 against a guide element 80 received 
within bore 23 and abutting a flanged sleeve 82 
bottomed against a shoulder formed by the junction 
of bores 23 and 24. Spring 76 thus holds collar 74, 
sleeve 70, guide 80 and sleeve 82 in place in a 
1 1 5 manner allowing for manufacturing variations. 
A first piston 86 is mounted for reciprocation 
within sleeve 70. Piston 86 is generally cup-shaped 
having an end wall facing the guide 80, which end 
wall is provided with a plurality of apertures 88. A 
1 20 one-way check valve 90 similar to check valves 34 
and 56 is carried in piston 86. Valve 90 is held in 
sealed engagement with piston 86 by a plate 92 
having apertures 96 also carried in piston 86. 
A second piston 100 is mounted for reciprocation 
125 in collar 74 coaxially with piston 86. Piston 100 is 
generally cup-shaped and has a solid end wall 
provided with a central projection 102 which abuts 
plate 92 to maintain space between the end wall of 
piston 86 and plate 92 to prevent the obstruction of 
130 apertures 96. A spring 106 seated by cover 26 is 
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received in piston 100 to bias piston downwardly 
against plate 92. 

The pump sfiown further includes a tappet 124 
mounted for reciprocation in sleeve 82 and posl- 
g tioned with one end engageable with eccentric cam 
122. Guide 80 is provided with a depending sleeve 
126 and an annular recess 1 29 to permit the 
reciprocation of tappet 124. A spring retainer 127 is 
carried in a circumferential groove on the outer 
<! Q surface of tappet 1 24 and serves to maintain tappet 
124 assembled prior to installation. 

A rod 128 is rectprocably mounted by sleeve 126 
and has one end in engagement with the closed end 
: ; of tappet 124 and its other end In engagement with 
-15 the end wall of piston element 86. Thus, as shaft 120 
^ is rotated, tappet 1 24 and rod 1 28 are driven 
upwardly and drive pistphi86and pistomtOO up- 
wardly in unison for one-half the rotation of shaft 
1 20. During the remaining half of each rotation of 
20 shaft 120, spring 106 urges the pistons 86 and 100 
downwardly in unison. 
In the construction described above, pistons 86, 

• - 100 In cooperation with associated components 

define three variable volume chambers. A first 
25 chamber 130 in continuous fluid communication 
with inlet passage 30 is provided with sleeve 70 

* between pistons 86 and 100. A second chamber 132 

' * is provided between piston 86 and guide 80 and Is in 
fluid communication with the outlet passage 44 

30 through passages 54 and 52. The third chamber 134 
is provided above piston 100 and is in continuous 
fluid communication with outlet passage 44 through 
passages 66 and 52. Preferably, the working area of 
piston 86 is twice the working area of piston 100 to 

35 cause equal quantities of fuel to enter inlet passage 
30 and to be discharged from outlet passage 44 
during the movement of the pistons 86, 100 in each 
direction. 

in operation, as pistons 86 and 100 are driven 

40 upward by eccentric cam 122, fuel will be pumped 
through outlet passage 44 from chamber 134 by 
piston 100. Simultaneously, the expansion of cham- 
ber 132 due to the movement of piston 86 (check 
valve 56 being closed) will create a suction therein so 

45 that fuel from inlet 30 will enter chamber 132 
through check valve 90. A part of this fuel will be 
supplied by thei reduced volume of chamber 130 
during upward movement of piston 86, and the other 
part will be drawn Into the pump through Inlet 

50 passage 30. Where the area of piston 86 is twice that 
of the area of piston 100, fifty percent of the fuel 
entering the chamber 132 will enter from inlet 30. 
Downward movement of the pistons 86, 100 causes 
the fuel in chamber 132 to be expelled therefrom 

55 with fifty percent leaving the pump through outlet 
passage 44 and the other f if ity percent passing into 
chamber 134 due to the increasing volume thereof. 
Also during the downward stroke, an amount of fuel 
equal to that discharged from the pump will be 

50 drawn through inlet passage 30 to fill chamber 130. 
Thus, where the area of piston 86 is twice the area 
of piston 100, an equal amount of fluid is drawn from 
the tank or supply into pump 10 through inlet 
passage 30 during each upward and downward 

55 stroke of the pistons as is expelled or discharged 



from the pump through outlet passage 44. In other 
words, the supply pump of the present invention is 
double-acting with respect to both discharge and 
suction flow. As a result, suction and discharge 

70 velocities are one-half the velocities encountered . 
with a single-acting pump, and the pump of the 
present invention operates with twice the number of 
suction and pumping strokes as a single-acting , 
pump. Furthermore, pump 10 has increased capacity 

75 and higher speed of operation without inlet cavita- 
tion. By having approximately equal inflows of fluid^ 
to pump 10 during both pumping strokes, the pump 
capacity Is doubled before cavitation can take place, 
having outflow from pump 10 during pumping 

80 strokes In both directions reduces the variations in * 
output fluid pressure and volume during each 
pumping stroke and reduces loading on the drive 
cam 122. 

During the downward stroke of the pistons 86, 100 
85 the pressure in chamber 134 and In chamber 132 Is 
equal to the discharge pressure level. The force 
causing downward motion of pistons 86, 100 there- 
fore is equal to the force of spring 106 plus the 
hydraulic force due to the discharge pressure on 
90 piston 100 minus the hydraulic force due to dis- 
charge pressure on piston 86. Where, as is preferred, 
the area of piston 86 is twice that of piston 1 00, the 
force causing downward motion of the pistons 
equals the force of spring 106 minus hydraulic force 
95 due to discharge pressure on one-half the area of 
piston 86. When such hydraulic force equals the 
force of spring 106, downward motion of the piston 
ceases so that spring 106 serves the additional 
function of regulating output pressure. Pump 10 
100 therefore has substantially self-regulated discharge 
pressure according to the force and rate of spring 
106. 

Although pumping motion of pistons 86, 100 
ceases when same predetermined pressure level Id 

1 05 reached, rod 1 28 will continue to be forced In a 

downward direction by discharge pressure and in an 
upward direction by rotation of cam 122 regardless 
of the discharge pressure level, thus functioning like 
a single-acting pump, accordingly, the cross- 

110 sectional area of rod 1 28 is made as small as 

possible to minimize this continued pumping effect 
In the event that this small amount of continued 
pumping cannot be accommodated by the level of 
flow through discharge passage 44, a spring biasd 

115 reliefvalve 114 may be provided to dump fuel from 
the discharge or outlet passage of pump 1 0 to the 
inlet when sufficient pressure build-up occurs to 
overcome the force of spring 116. The valved relief 
passage also is of use in the event that limitations of 

120 spring 106 cause the pressure rise from full stroke to 
no stroke to be greater that desired. 

As will be apparent to persons skilled in the art, * 
various modifications, adaptions and variations of 
the foregoing specific disclosure can be made . 

125 without departing from the teachings of the present 
Invention. 

CLAIMS 

130 1 • A supply pump comprising a pump body 



having means providing a stepped pumping cham- 
ber therein, piston means mounted for reciprocation 
in said pumping chamber and having a pair of 
working areas of different sizes respectively mating 
the stepped portions of the pumping chambers, 
drive means operatively connected with said piston 
means for actuating the same In one direction 
corresponding to a first pumping stroke thereof, 
spring means operatively connected with said piston 
means for actuating the same In the opposite 
direction corresponding to a second pumping stroke 

" thereof, said piston means and said stepped pump- 
ing chamber defining a first variable volume cham- 
ber, means cooperating with said piston means 

• forming a pair of variable volume pumping cham- 
bars at the ends of said piston means, an inlet 
continuously connected to said first variable volume 
chamber, passage means Interconnecting said pair 
qf variable volume pumping chambers and an outlet 
connected to said last mentioned passage means. 

2. The supply pump of claim 1 wherein one of 
said pair of working areas is about twice the size of 
the other. 

3. The supply pump of claim 1 wherein one of 
^_ said piston means comprises a pair of coaxial 

pistons operatively connected for actuation in un- 
ison, and one of said pistons has a passage contain- 
ing a one-way valve enabling fluid flow from the 
variable volume chamber through the one of said 
pistons to the variable volume chamber at the end 
" thereof. 

4. The supply pump of claim 3 wherein the one 
of said pistons has the larger working area. 

5. The supply pump of claim 3 wherein a one- 
way valve is provided between the variable volume 
chamber at the end of the one of said pistons and 
said interconnecting passage means. 

6. The supply pump of claim 1 wherein said drive 
means Includes a reciprocating drive pin of small 
diameter operatively connected with the end of the 
piston means having the larger working area. 

7. The pump of claim 6 including a pressure 
relief valve disposed between said Interconnecting 
passage and said inlet. 

8. The pump of claim 1 wherein a one-way valve 
is provided In the Inlet of the pump. 

9. A supply pump substantiaty as herein de- 
scribed with reference to and as shown in the 
accompanying drawing. 
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